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INTROPUCTION

Raman and infrared spectroscopy have heen applied to the examination of
various cesium aluminosilicates, all similar to the mineral pollucite. The
samples cxamined in this study were furnished by J. K. Johnstone/5846. Sandia
Laboratory's interest in pollucite is based on the ability of this material
to take up proportionately large quantities of Cs. Sandia is planning to
exploit this property and use a pollucite-like material to incorporate (radio-
active) l'1'7Cs, a nuclear reactor byproduct. This material can then ke used

as a gamma-ray source for benelicial use progn’]m.ux.1

Our choice of Raman and infrared spectroscopy to examine these samples was
motivated by the ability of these techniques to determine atomic structures.
These spectroscopies detect vibraticnal modes that involve the atomic con-
stituents, and these modes in turn can be related to the structure of the
material, In addition to the hasic structure of the material, atomistic de-
fects and molecular inclusions in the structure can be observed. Examples of
these types of species are broken bonds and water. Structural information

is uscful in at least three ways: (1) structural differences resulting from
the method of preparation can be found; (2) structural changes as a function
of some interaction, say with gamma radiation, can be assessed; (3) precusors
to or the onset of gross mechanical change may be seen. In this last situation,
for instance, soft modes that precede the occurrence of solid state phasc
changes have been observed with Raman S]')ectrosco}r)y.2 Ultimately, information
about atomic structure can be related to the mechanical behavior or integrity

of the material.



With these goals in mind we have developed a three point program to study
pollucites: (1) to ohtain the "reference' Raman and infrared spectra and to
correlate them with the structure of pollucite; (2) to simulate the gamwia-
ray dose to the material and/or the effects of the transmutation of 137(:5;3

(3) ultimately, to work directly with the radioactive material.

At this point in the study, most of the effort to complete ohjective (1) has
been done. This memo will be devoted principally to the discussion of these
results. Some experiments with radiation simulation will be mentioncd hriefly.
The objective of working with hot material will be discussed in the proposed

program portion of this paper.

Ve have included discussions of sample preparation, pollucite crystal symmetry,
Raman spectra of crystalline, mineral, and ceramic forms, a crystal-to-glass
comparison, IR spectra, water in pollucite, radiation simulation experiments,

conclusions, and a proposed program,



POLLUCTTE SAMPLES

Three candidate samples of cesiwm aluninosilicates for 1370 incorporation,
all similar to pollucite, were examined (Sce Table TI). These were prepared

by J. K. Johnstone, 5846. Each of these three had a slightly different com-
position. Samples H-260 and H-275 were prepared from reagent-grade chemicals,
while H-273 was manufactured from CsOil Montmorillonite clay. All werc pre-
pared in the same manner: hot pressing a dehydrated powder ncar 1000°C,

These sanples are shown in Figure 1, where H-275 is milky colored, H-260 is
partially translucent, and H-273 is black. Raman and infrared reflection
spectra werc successfully taken from all these materials, Raman light scatter-

ing from H-273 and H-275 was limited to the near-surface region.

Two other sample types known to have pollucite formulations were also examined.
One was a mineral (See Figure 1 and Table I for the chemical fornmlation) and
as such was polycrystalline. The others were laboratory-grown, hydrothermal
crystals obtained from S. A. Gallagher and G. McCarthy of Pennsylvania State
University through J. K. Johnstone. Some of the small crystalline samples on

a fixture used for light scattering are shown in Figure 2.

In this work we correlate Raman scattering and infrared spectra with the known
crystalline structure of pollucite a. . look for variations in other cesium
aluminosilicate structures based on change in these reference spectra.
Pollucite has cubic symmetry - Oh10 (Ian].4 Table I lists the stoichiometry
of the mineral pollucite and of the pure-phase crystals (the hydro-thermal
crystals). Other alkali oxides, principally NaZO, are present in the pollu-

cite mineral, Also, mineral pollucite is known to be a zeolite with four



water molecules per unit cell. In the case of the pure-phase material, no
other alkali oxides are present, and there is no water. In both cases,

however, the space group is Oh10 (Ian).‘l’b

Two dimensional projections of four unit cells of pollucite are showm in
Figure 5.4 An aluminosilicate framework is the basis of the pollucite struc-
ture. The silicon and aluminum are fourfold coordinated with the oxygen atoms,
forming tetrahedra that are the basic building blocks of the framework. The
structure is composed of 4, 6, and 8 member rings of tetrahedra. The Si und
Al are randomly placed at the tetrahedral sites in the crystal. To establish
the fourfold valency of alwninum, an electron is garnered from an alkali atom.
Consequently, in all the aluminosilicate structures with which se will be
dealing, the CSZO to MZOZS ratio is 1:1. In the aluminosilicate {ramework,
sixteen large cages are formed in each unit cell. These have diameters on

the order of 6.8 7\ and contain Cs or HZO molecules. In what follows, we shall
be interested in finding the modes that can be characterized with the movements
of the bridging oxygen atoms between tetrahedra, modes of the tetrahedral

framework, and modes that predominantly involve Cs.

It should be noted that two other crystalline formulations of cesium alumino-
silicate have been found. These are CSZO -+ H0 - ZSiOZ6 and CSZO - Hy0 -
108102,7 and neither is cubic. In all of our spectral results to date we

have seen no evidence of a material that has other than cubic symmetry.

RAMAN SPECTRA OF CRYSTALLINE POLLUCITE

The first step in our program has been to abtain and understand the spectra

of the pure-phase pollucite crystals as a stepping-stone for interpreting



structural alterations that might occur in other cesium aluminosilicates. We
are most fortunate to have crystals af’ the pure-phase material and a samplc

of the mineral to ecxamine. As wentioned, bhaoth materials have a space group
syimetry of Ohw. The crystals are very complex and have a large number of
atoms in the primitive cell, resulting in some 250 normal modes for the pure-
phase crystal. Not all, however, are either Raman or infrared active, as
shown in Table II. Also shown in Table I! are the polurizahility tensors

and infrared activities of appropriate modes. Because the irreducible symmetry
inversion operator is one of the spacc group operations of C‘hm, the active

modes are ecither Raman active or infrared, but not bath.

Theoretically, the A, I, and F modes (the singly, doubly and triply degenerate
modes) that are Ranan active can be distinguished. Nowever, this resolution
necessitates alignment of the crystallographic axes with the scattering axes
of the equipment. Clearly, this procedure cannot be done in the case of the
polycrystalline samples. Unfortunately, the pure-phase crystals were very
small polyhedra clumped together with dimensions ~ 150pm; consequently we have not
yet been able to 21ign the crystallographic axes with the scattering axes of
the crystals. Nevertheless, the A modes can be separated from the E and F
modes; the A modes have a diagonal polarizability tensor, and therefore,

under any coordinate axis rotation, the scattering {rom them will remain
polarized. This property is not the casc for the E and the ¥ modes; they wilt

present both polarized and depolarized spectra.

Table II also lists the atoms that participate in the various symetry modes,
The normal modes are built up from the symmetry modes of the same irreducible

character. The interesting point is that for the Raman-active modes, only



those modes of E or F character will contain a wode that involves the motion

of Cs. Further, the number of these is limited to 2.

A comparison of the polarized and depolarized spectra from pure-phase pollucite
is shown in Figure 4. A list of the identifiable resonances seen in pure-phase
pollucite is in Table [II, along with the assignment of the appropriate irre-
ducible symmetries. Due to the crystal complexity no atteﬁpt has been made

to determine completely the atomic contribution to all of che normal modes of
pollucite. A qualitative statement about the atomic character of thesc modes
can be made, however. The band at 1100 en) is the oxygen stretch of the Si0

bond, This band has been identificd with the oxygen stretch of the AI-O hond.”

Roth of these bands are composites of several normal resonances involving oxy-
gen movement. A series of sharp and symmetrical resonances dominate the spectrum
at lower frequencies from about 498 to 70 cm'l. All of these except one, we
believe, are vibrations of the aluminosilicate tetrahedra in the crystallinc
framework. The one exception is the band at 200 cm'l. We will rescrve dis-
cussion of this mode to the comparison of the mincral with the pure-phase mater-
ial. Finally, a series of resonances has been detected between 500 and 1060
cm-l, and these are complex vibrations involving all of the atoms of the unit

cell.

A comparison of the Raman spectrum from the mineral and that from the purc-
phase material is shown in Figure 5. Resonances seen in the mineral are listed
in Table II1. The spectra from the two materials are remarkably similar. The
oxygen stretching bands are in agreement, as are modes associated with the

external vibration of the framework. Furthermore, when the weak bands in the

10



material could he detected they too agreed.  The mode at 200 cnfl, however

is very weak in the miperal in comparison to the pure-phase material. In the
crystal spectnm this wode was assigned to the irreducible symmetry of & or F,
Now in the mineral there arc 12 atoms of s per unit cell instead of the 16
that exist in the pure-phase crystal. In the positions of the missing Cs
atom are water molccules. The weakening of the mode is probably due to the
loss of transluational regularity of the Cs atoms, implying that this mode
involves the participation of Cs. Supportive of this assipmment is the ob-
servation that in the Argon matrix formation of (350_1, low frequency modes near
200 Cm'] have also heen observed. Thus, 200 cmll resonance most likely in-

volves Cs atom participation.

RAMAN SPECTRA OF CERAMIC CESTUM ALUMINOSILICATES

Two of the SLA-preparcd materials appeared to be ceramic or polycrystalline
materials, This conclusion is rather straightforward when the Raman spectra

of the ceramics are comparcd with that from the crystals (See Figure 6), and
also when the resonant frequencies are compared (See Table I11). In Figure 6,
spectra [rom the crystal pollucite, the mineral pollucite, and the pollucite
samples H-275 and H-273 are displayed. There is good agreement among most of
the resonimees 1n frequency position, relative intensities, and line shapes.  From this
general agreement it can be inferred that their basic structure is very similar.
In addition, from the fact that most of the lines are symmctric and sharp,

it can be argued that the scattering is occurring from a system of highly
regular order, i.e., crystals. Finally, the widths of these symmetric 1ines
indicates that the crystalline sizes are at lcast on the order of the wavelengt

of light, S000A.
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There are some differences amongst these spectra, as can be seen in the freguency
regime near 1000 cm-l. Here one material (H-273) exhibits a different behavior:
an extra band appears at 973 cm‘l, and therc is weakening of the bands at 1000

and 1100 cm'l. A possible explanation for this behavior is the disruption of

the Si-0-Si or A1-0-5i bonds joining tetrahedra. The bands at 1000 and 1100 cm‘l
previously were associated with this bridging. Other studies have identificd a
band near 973 cm'1 in silicate materials as being due to the oxygen stretch of

a dangling or non-bridging Si-0 bond.w’ = Lattice disruption - resulting in
dangling oxygen bonds - might be expected at that sample, because it was made

from Montmorillionite clay and CsOil. The clay contained a large percentage of
impurities which, when incorporated into the material, could break oxygen bonds
connecting tetrahedra. (See Table I1.) Another interesting observation, based
on the comparison of Raman spectra, is that in going to the silica-rich formulation
of cesium aluminosilicate (H-275) the basic structure does r.ot seem to have been
altered much from that of pollucite. Apparently the basic ahiminosilica tetra-
hedral framework is retained, with proportionally more silicon atoms than alwninuwn
atoms in the H-275 formulation. This premise is also in agreement with the obser-
vation that the band at 10600 an”l (the Al-O stretch) in comparison to the band at
1100 en”L (the 5i-0 stretch) is weakened in the case of H-275 as compared to the

1 is strengthened rel-

pure-phase pollucite. Note also that the band at 390 cm”
ative to the band at 300 cm_1 in increasing the Si content in H-275 from the crys-
talline material. This result suggests that the mode at 390 Gn>1 involves Si,

while that at 300 en”! involves AL.

12



RN SPECIRA OF “1RPEVIS POLISIELY

In Figure 7, a comparison of the Ramm spectra from swmple H-260 amd crystalline
pollucite is shown. In contrast to the <imilarities discussed before, now sig-
nificant differences between the spectra can be noted. New Ranan-active modes
have appeared, bands have broadened, and the symnetrical shape of the bands has
been lost. All these features hiphlight the conclusion that there is a difference
in the state of the material, and it can be shown that this difference arises be-
cause the H-260 sample is amorphous.

Included in Figure 7 is a Raman spectrun of a vitrcous silica, Suprasil 2,

There are a number of notable similarities between it and that of H-200; for

instance, the broad structureless scattering below 400 cm'l, and the alignment

of a number of peaks. This comparison underscores our conclusion that I{-260

is amorphous. Additionally, there have been reports of Raman spectra of other
ternary systems, similar to the one that we are dcaling with, which were known
to be amorphous. Figure 8 is a repraduction of spectra obtained from sodium
borosilicate glasses, about which the author concluded that he was dealing with
a glassy system, predominately SiO2 in nuturc.12 There is a ruemarkable similar-
ity betwcen the spectrum labelled 3 and that obtained for H-260, which further

strengthens our conclusion that H-260 is a glassy material.

Some additional conclusions about the character of various resonances can be
made in intercomparing the three spectra in Figure 7. Vitreous silica, in
one important feature, is very ruch like the aluminosilicate materials: it i
made up of interconnected tetrahedra. In the case of silica they are all s ;

tetrahedra, and - in the vitreous state - randomly connected. Now note that



in both cesium aluminosilicates there is a band near 300 cm’l, which does not
occur in vitreous silica indicating that this mode involves Al. A band near
400 cm'1 exists in all these spectra. This band previously has been identi-
fied as involving Sim; it is appropriate in the case of polluwcite to do so
also, Furthermore, in silica the band at 800 crn-1 is known to be due to oxygen
in plane-stretch of the Si-0-Si bond.13 Again, we will make this assignment

in the cesium aliminosilicates. We are left with two bandé that are coincident
in these materials that have not been satisfactorily identified in vitrcous
silica: those at 480 and 600 cm-l, We tentatively suggest that the mode at

400 cm-1 is an external vibration of the framework with the tetrahedra moving

as mnits, and the 600 (:m-1 mode quite nossibly depends unon some local co-

ordination of atoms in ncighboring tetrahedra.

IR SPECTRA OF POLUICITE AND CERAMIC CESTUM ALUMINOSILICATES

By far the simplest method of obtaining IR spectral data for thick, insulating
materials (such as the present pollucite samples) is to examine the material

by specular reflection of a near-normal indicent beam. Unfortunately, large
changes in the refractive index across vibrational bands distort the band shapes
and intensities relative to transmission IR measurements and Raman spectra. To
avoid this difficul cy we proceeded by the well-known technique of suspending

a few milligrams of material in an IR-transparent KBr pressed disc.

1

These absorption spectra from the region 400 to 1500 cm = are presented in

1 are shown in Figure 10.

Figure 9. Reflection spectra from 100 to 1500 cm~
From a comparison of observed Raman and IR frequencies in Table III, the nom-

correlation of modes for the two techniques, as predicted by the selection

14



rules for the crystalline materials, is confirned. In agreement with the

Raman spectra, the IR bands for the purc-phase ruterial appear slightly broader
than for the crystalline materials, consistent with the presence of an amorphous
phase. This broadening is most noticeable in the bands betwcen 700 and 800 qn‘lg

however, the effect is not nearly as apparent as in the Riman spectra.

The intense band around 1030 to 1050 cm_l for all samples is composed of a mmber
of modes; its center is shifted down considcrably from the analogous peak of

1090 cn’! abserved in vitreous silica, but correlates well with IR spectra for
other aluminuosilicates. (Kaolin clay, for example, has a hroad, multistructured
band in this region with a maximu intensity at 1035 L:m'l.“) The peaks near

760 to 780 cm™t correspond to a peak in vitrsous silica at 790 e, while

peaks from 750 to 625 en’! correspond to observed bands in alumina (Af,05).

The very intense band observed in all the reflection spectra trom 445 to 455
an’! is observed in both AJLZO3 and Sioz. The remaining observed IR band is a

1 in all cases. While <here

sharp peak seen in the reflection spectra at 156 cm~
are bands observed at 150 and 170 cm'1 for Si()2 and .»\JL,O;, respectively, these
are very weak features compared to the present data. Although it is conceivable

1

that the featurc at 156 cm =~ could be related to Cs atom motion, a more positive

ascignment must await definitive experiments with similar aluminosilicate systems

not containing Cs.

WATER IN POLLUCITE

A search was conducted for water in all of the pollucite materials. In the
glass, ceramic, and pure-phase crystalline pollucite materials, no detectable

quantity of CH was found in either Raman or IR spectra.

15



However, water is known to be abundant ia the mineral pollucite (See Table 1),
Indeed, we found vibrations that can be ideatified with the water molecule
both in the infrared and Raman spectram of the mineral,  (See Pipares 14 1)
The frequency peaks ol the water resonances are in Table 111, where they are
compared with those of an isolated water uu)lt‘tul('.[!‘ In apreement with the
isolated water molecule, the three peaks scen in poliocite have the correct
Raman and infrared activities and have simitar vibrational frequencies,  From

this identification we conclude that witer b polbacite i oo monaser. Tt s

tron dra

known that water tnoa Ligrid polymerizen, amd that this patymer
stically alters the Ruman spectra frow that of the isolatad lll()li‘k'llh'.(. it
alterations have not beon ceen bere, sapuarting our conclagdon that sater oo
in pollucite as ind zidual wolecates, aomomerc, Finally, (1t i moot profudile
that the memmreric water molecule resides in the larpe oxypen vapes an the

ahuinosy licate framework vefvived to carlice, However, Tor wiater o pollhn jte

- in comparison to isolatul water vapor - there ~ heen i down b frequo ey,

Line broadening, and the foomation ol fow frequency tails in the syumetye sl
asyimetric stretching haks,  We belicve that these effects are caraal by

hydrogen honding of the water wolecule 1o the oxypen atons that Toym 11 cape,”

RADFATTON SIMILATION STUbtiss

Two pretiminary tests have been perfomed to sinulate radiation effects in
pollucite.  In the lirst, the three SLA samples of pollacite were jrradiated
. o . [ N - g
with " Co gamm -rays at the LLL radiation lacility to o dose of 1 x 100 rad-.
In the post-test examinition no alteration of the Raman spectra was observed,
Another radiation test was tried with inconclnsive vesults.  Smmples 11273

and H-275 were irradiated with a 50 keV clectron beam, to a total dose of

16
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sample il Light scattermyg n the (007

to ahsorption of light in the 1F .
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ot wel i hpown oo edther cicass e the nrendbiated

tration of  the Lipght beanm

samples, Ramm scattering conld have been probing to o depth capnatoant )y

preater than the ¢ beim pencteation. I this o the <tpeal Trom the un

treadiated volume of material vould then obreure the signad From the (relateely

el irradiated portane On the basis of this angle experiment ot cannat

St fected by the i h

be sately come haded that the pollucite <tructurne

leveel of rvadiation,

LOEF RAMAN AND INFRARITY SPECTROSUOPY

CONULUSTONS AR T3 )

Toe Raman spectra of crystallioe pollucite are now known, Thewe will cwerve
s the bace [ingerprinat) spectra, which can be weed ta dentily crystal Line

poallacite aad to aeaen, stractiat alteral jone, .

Crystatbime forms can be distin eshed Crom amorphores torms of” pol lucate,
This, changes ol state ip a material that might aflect mecliniesl antesraty

cin be obherved, e.p., radiation-indoced devitrification.

Successful examination of materials from clear to black and {rom the size ol

micrameters to centineters his heen accompl ished,
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SUGGESTEDR PROGRAM
A program is proposed to accomplish the three objectives outlined above: the
characterization of pollucite, radiation simunlation, and working with rudio-
active material.
A. Characterization of Pollucite

Definite progress has been made in identifving and unravelling the

Raman and IR spectra of crystalline pollucite. Additional effort

is needed, however, to verify the modes associated with Cs,  Two

approaches will hc taken. 'The first will inveolve aligning the

crystalline pollucite with the optical axis of the scattering experi

ment allowing the separation of the I = and F,} modes.  The second

:‘Ig
is to comparc the Raman spectra of pollucite to anatcime, which has
the identicar crystal structure to pollucite, but does not contiain
Cs.4 ‘The appropriate Raman spectra must be obtained in the Iaboratory,
Further characterization will be necessary of the fom of poliucite
selected to be used in the beneficial-use program. Raman and infrared
spectroscapics, as demonstrated, could be used to abtatn important
structural information about these materials. Thus, Raman and IR

measurements should be included in the studies to develop pollucite-

like materials for the beneficial-use program.

B. Radiation Simulation
Pollucite could receive doses approaching 1013 rads during the pro-
posed 90 year source lifetime. Possible ways of sinulating this dose

include 60Co and e-beam irradiation. Presently very hot 60(?0 sources

18



are available at the Savannah River Plant, Aiken, Soumth Carolina.

Use might be made of this facility. Furthemmore, (as discussed above),
fuitial attempts with e-beam radiation have already been triald. [t

is proposed that thesc cxperiments be expanded, in conjunction with

determinations of the optical skin depth of the appropriate materials.

Another method to achieve radiation devosition alone (without trans-
mutation) would be to make use ol the Cs-pollucite sources planned
for {abrication at Oak Ridge. llere the base material, not jncorpor-
ating the radiocactive Cs, cauld he placed around the hat sample.
These samples could be periadically removed and examined in the lab-

oriatory.

Finally, it is known that a wmajor effect on the crystal structure
. L] 2
could come about through the transmutation of Cs ° to Ba =, This
valence change could disrupt the crystal structure. Neutron irradiation
experiments have been used hefore to simulate transmutation, lor ex-
. . . iy 9
ample, the conversion of boron to helium in borosilicate p,l:lsscs.]

Such neutron-generated transmutation effects might be used to simlate

. . (
valency changes in pollucnc.2

Examination of Radioactive Material

Remote Ruman spectroscopy could be used to examine hot materials. 7This
procedure could he accomplished fairly easily, because only three types
of apparatus need be placed in the radiation cnviromment. These would
include two lenses - one for focusing the laser into the sample and the

other for collecting the scattered light - mirrors to direct the light

19



beams, and positioning stages., All of the sophisticated cquipment,
including the lascr, spectrometers, and electronics, would be outside
the radiation environment, ‘These sampling techniques are alrcady being
developed for use with tritium in the Tritium Rescarch Laboratory at

SLL. Such a system might be designed for hot cell use at SlA.
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Table 1

Cesitm Alumina-Silicate Samples

A, Hot Pressed Powders

Cs,0 » AlZC!3 . nSiO2

Physical
Designation Appearance n Impurities (W/%)
1H-260 Transulent 7.5 -
H-273 Black 4.0 6.5
H-275 Milky 6.6 -

B. Crystals
Mineral

6 Cs2 Q- ZNaZO -8 Ale3 » 32 Si()2 ! HZO

Pure-Phase

CsZO - AIZD3 -4 SiOZ

23
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Table ITT

Mode Frequencies of Pollucite

Raman
A E#F E¥F 7 A EsF A E+F >
Crystal
Polarized 69 140 200 207 393 477 1044 1114
Depolarized 69 141 201 297 392 477 559 610 652 711 807 861 920 1016 1108
Mineral 71115 197 268 297 392 478 520 667 1043 1120
H-273 7 129 277 2% 387 472 670 973 1076
H-275 82 106 133 205 271 300 388 476 597 667 709 771 809 851 1044 1114
H-260 107 383 485 788 1002 1122
Infrared
F F F F F F F F 3 F
H-260 155* 384%  455% 595 720 775 1000° 1050  1180°
H-273 155% 38a%  442% 622 690° 728 758 995 1040 1190°
H-275 155% 384%  446% 626 690° 727 761 980% 1030 1125°
Mineral 441 625 695° 732 763 - 1032 1120°
S-Shoulder

* - Reflection Spectra
Water in Mineral Pollucite
Raman 3602

R 3650, 35455, 1627
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Character

Mg

Table I1

Normal Modes for Srystalline Pollucite Ohm (Ta3d)

Raman

Polarizability

XX + YY + 22

XX+ YY + 22,
3(XX - YY)

XY, YZ, ZX

Total number of normal

Active

IR

X,Y,2

modes

250

No. of

Modes

4

10

14

16

e

Symmetric Mode
Composition
Cs

Al § Si









8z

Figure 3, Two dimensional Projection of Four Umit Cells of Pollucite.‘1 The solid
circles are Cs atoms 1/8 of the side of a unit cell above the bottom
face and the shaded circles are 3/8.
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Figure 4, Polarized and Depolarized Raman Spectra of Pure-phase, Crystalline

Pollucite.
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Figure 5. Raman Spectra of Purc-Phase, Crystalline Pollucite and Mineral Pollucite.
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Figure 6. Raman Spectra of Crystalline Forms of Cesium Aluminosilicate
Materials. All of the samples examined were crystalline on
polycrystalline materials.
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Figure 10. Infrared Reflection Spectra of Cesium Aluminosilicate Matcrials.
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Figure 8. Raman Spectra of Sedium Borosilicate Glalsses.12
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Figure 9. Infrared Absorption Spectra of Cesium Aluminosilicats Materials.
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Figure 11. Raman Spectrum of Water in the Mineral Pollucite.
silica is included for reference.

triatomic molecule.

The Raman spectrum of hydroxyl in vitreous
The band obscrved is due to the symmetric stretch of the
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Figure 12. Infrared Absorption Spectrum of Water in the Mineral Pollucite. The band at 3650 cm-l is due.

to the ic st E 3 s, 3 .
molecu]:'sym\etr stretch and the band at 1727 em™* to the bending frequency of the triatomic




